Health and health care inequalities in the United States remain substantial, [1] [2] [3] and in some instances such inequalities have widened over time. [4] [5] [6] Reducing social and geographic inequalities in health and health care continues to be a high priority for the US Department of Health and Human Services. 7 Providing increased access to a medical home is an important policy objective toward reducing health care disparities and improving health and well-being among all children. 8, 9 A medical home is defined as a source of ongoing, comprehensive, coordinated, family-centered care in the child's primary health care environment. [8] [9] [10] [11] Access to a medical home has been associated with increased use of preventive health services, treatment adherence, and increased care coordination among both the general population and children with special health care needs (CSHCN). 8, 9 Medical home access has also been associated with fewer hospital admissions and emergency department visits, shorter length of hospital stays, reduced familial burden, increased access to needed services, and reduced risks of delayed/forgone care, unmet health care needs, and school absence. 8, 9, [12] [13] [14] Racial/ethnic and socioeconomic disparities in medical home access have been examined among CSHCN, who comprise 14% of all US children. 9, 10 However, geographic disparities in medical home access among CSHCN have not yet been examined. The purpose of this article is twofold: (1) to estimate the observed and adjusted prevalence and odds of not having access to a medical home among CSHCN across the 50 states and the District of Columbia and (2) to identify individuallevel sociodemographic and statelevel social and health policy determinants of medical home access among CSHCN.
METHODS
To analyze disparities in medical home access, we used the 2005-2006 National Survey of Children With Special Health Care Needs (NS-CSHCN), a nationally representative telephone survey of 40 723 CSHCN Ͻ18 years old. [15] [16] [17] Substantive and methodologic details of the survey are described elsewhere. 15, 16 Our analysis was based on 38 886 CSHCN for whom the composite medical home variable could be defined. Medical home was operationalized by using questions related to its 5 components: (1) having a usual place for sick/well care; (2) having a personal doctor or nurse; (3) experiencing no difficulty in obtaining needed referrals; (4) receipt of needed care coordination; and (5) the presence of familycentered care. 9, 10 On the basis of previous research, we used child's age, gender, race/ethnicity, primary language spoken at home, household income/poverty levels, insurance coverage at the time of the survey, child's functional limitation, and state of residence as individuallevel covariates. [8] [9] [10] These covariates were measured as shown in Table 1 .
Income/poverty status was missing for 9% of the households and was imputed by using a multiple-imputation technique. 16, 18 For all other covariates, there were very few missing responses, which were excluded from the multivariate analyses. The 2 statistic was used to test the overall association between each covariate and medical home access. Prevalence (%) estimates of medical home access were computed for all 50 states and the District of Columbia. Multivariate logistic regression was used to examine the association between selected individual-level sociodemographic factors and the binary outcome variables of overall medical home access and its 5 components. Adjusted prevalence estimates were predicted marginals derived from the fitted logistic models. To account for the complex sample design of the survey, SUDAAN 19 software was used to conduct multivariate logistic analyses and to determine crude and adjusted prevalence estimates.
A series of fixed-effects multilevel logistic models were also fitted by using SUDAAN software to estimate the effects of state-level social and health policy factors on the individual likelihood of not having access to a medical home or its 5 component outcomes after adjusting for individual-level covariates such as age, gender, race/ ethnicity, language use, household poverty status, insurance coverage, and functional limitation. [20] [21] [22] Considered as state-level factors were poverty rate, percentage immigrant or non-English-speaking population, Medicaid/State Children's Health Insurance Program (SCHIP) eligibility criteria, Medicaid expenditure per child, and several health care expenditure and infrastructure variables, including overall health expenditure and primary care physician supply rates. 4, 5, 8, [23] [24] [25] [26] These variables have been indicated as factors that influence geographic disparities in health and health care. 4, 5, 8, 25, 26 Because of high correlations among the area-level health care expenditure and supply variables, we constructed an index of health care expenditure and infrastructure by combining and factoranalyzing 4 variables: total number of physicians per capita; number of nurses per capita; number of pediatricians per child; and total health expenditure per capita, with factor loadings of 0.94, 0.89, 0.93, and 0.90, respectively. The health care infrastructure index (Cronbach's ␣, the reliability coefficient ϭ 0.93) had a mean of 100 and an SD of 20, and the index scores ranged from a high of 207.66 for the District of Columbia to a low of 74.52 for Idaho. In addition to geographic disparities, the substantial effects of other covariates listed in Table 1 are worth mentioning. CSHCN aged 12 to 17 years had 26% higher adjusted odds of not having a medical home than those aged 0 to 5 years. Hispanic and black CSHCN had 56% and 57% higher odds, respectively, of not having access than their non-Hispanic white counterparts. CSHCN in non-English-speaking households had 97% higher odds of not having a medical home than those from English-speaking households. CSHCN who lived below the poverty threshold had 67% higher odds of not having a medical home than their most affluent counterparts. CSHCN whose condition greatly affected their activities had 190% higher odds of lacking access to a medical home than those without activity limitation. CSHCN without health insurance had 98% higher odds of not having a medical home than those with health insurance. Table 2 lists the results of a series of fixed-effects multilevel logistic models, which show the effects of various social and health policy factors on the individual likelihood of lacking medical home access after controlling for individual-level covariates. Overall and most components of medical home access were inversely related to the size of the state's immigrant and nonEnglish-speaking population. For example, a 10-percentage point increase in the state immigrant population was associated with a 12% increase in the odds of CSHCN not having a medical home, a 28% increase in the odds of experiencing problems with needed referrals for specialty care, a 14% increase in the odds of lacking care coordination, and a 10% increase in the odds of not receiving family-centered care.
State-Level Social and Health Policy Influences on Medical Home Access
The overall health care expenditure and infrastructure index and the variables that make up the index had a substantial influence on access to a personal doctor/nurse by CSHCN, even after controlling for the individuallevel factors. For example, a 20-point increase in the health care index score was associated with an 18% decrease in the odds of CSHCN not having access to a personal doctor/nurse. CSHCN in states with more physicians (all specialties), pediatricians, and nurses also had increased access to a personal physician/nurse. There was a 39% decrease in the odds of not having access to a personal doctor/nurse for each additional pediatrician per 1000 children, a 19% reduction in odds of no access for each additional physician per 1000 population, and a 6% reduction in odds for each additional nurse per 1000 population. The odds of not having a personal doctor/nurse were reduced by 18% for every $1000 increase in the overall health spending per capita and by 11% for every $1000 increase in Medicaid expenditure per child. It is interesting to note that a lower nursing supply was associated with significantly higher likelihood of experiencing problems with needed referrals and family-centered care.
As expected, access to a personal doctor/nurse by CSHCN was significantly higher in states with lower poverty rates. However, the likelihood of not having access to a medical home was higher among CSHCN in states with lower poverty rates after adjusting for the individual-level covariates, including household poverty status. Lack of access to needed referrals, care coor- -speaking population (2005), % b,c 1.06 1.02-1.11 1.00 0.92-1.07 1.02 0.95-1.09 1.18 1.08-1.28 1.07 1.02-1.12 1.06 1.01-1 29, 30 It is important to note that states with higher immigrant or non-English-speaking populations experience significantly greater problems with such qualitative aspects of the medical home model as having access to needed referrals, care coordination, and family-centered care.
Increases in state health expenditure per capita, total physician supply, number of pediatricians and nurses per capita, and expanded Medicaid/ SCHIP eligibility were positively associated with some aspects of medical home access, particularly access to a personal doctor/nurse. Increasing the supply of health care professionals such as nurses has an additional benefit in that it is associated with improved access to needed referrals and family-centered care among CSHCN. We found that overall access to medical homes, as well as access to specialty care referrals, care coordination, and family-centered care, was lower among CSHCN in states with lower poverty rates and higher Medicaid/SCHIP eligibility limits. This finding may indicate the need for the SCHIP and Medicaid programs to target CSHCN even in more affluent states to ensure increased access to comprehensive primary care services. The health policy variables, analyzed in our contextual analysis, clearly reflect the mechanisms and practices through which access by CSHCN to medical homes can be improved and geographic disparities in their health care access can be reduced.
Lower medical home access in more affluent states was unexpected. However, no significant association between state poverty level and medical home access was found at the bivariate level. The unexpected adjusted effect of area poverty may reflect state-level compositional differences in individual-level factors and/or the confounding influences of rural and immigrant population size in states. These area variables were not considered simultaneously because of multicollinearity. In addition, the unexpected adjusted effect of area poverty rate might reflect the limitation of area deprivation measured at the state level, as discussed below.
Some limitations of our study are worth mentioning. First, our study was a cross-sectional analysis in which we attempted to examine the association between individual-level sociodemographic and state-level health policy variables and the individual likelihood of medical home access among CSHCN. Although our state-level health policy variables temporally precede the survey measurement of access, a longitudinal design would be more appropriate for accurately estimating these effects. Second, the effects of some of the area-level factors, such as poverty
